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Benzothiazole derivatives represent an extensive group of heterocyclic compounds, several of which have already found application in the medical sphere as antitumor agents 1 with selective growth inhibitory properties against human cancer cell lines and in agriculture as plant growth regulators (PGR). 2 2-Aminobenzothiazoles can be obtained through either intermolecular transformations, which are dominated by condensation reactions, [3] [4] [5] [6] [7] or intramolecular transformations, which include cross-coupling reactions [8] [9] [10] starting from ortho-haloaryl thioureas, and oxidative coupling reactions. [11] [12] [13] [14] [15] Herein, we present an iodobenzenepromoted Pd-catalysed synthesis of benzothiazoles via intramolecular coupling.
The initial study involved palladium-catalysed ortho-directed C-H activation for cross-coupling with iodobenzene. The model reaction we chose was the intermolecular oxidative coupling reaction between 1,1-dimethyl-3-phenylthiourea and iodobenzene. Gratifyingly, the intermolecular cross-coupling product was not detected, and the intramolecular cyclisation product (2-aminobenzothiazole) was furnished with a satisfactory yield of 81% (Scheme 1). The oxidative coupling product could not be obtained when no iodobenzene was present. Much less (23%) intramolecular cyclisation product was formed when the reaction was performed under nitrogen, revealing that atmospheric oxygen was the oxidant, and that iodobenzene was a necessary additive.
Encouraged by these results, we began to optimise the reaction conditions. First, a broad screening of copper and palladium catalysts revealed that copper salts were ineffective (Table1, entries 1-3), but palladium catalysts, for example, PdBr 2 , PdCl 2 , Pd(OAc) 2 could catalyse the model reaction to give the cyclisation products with 64%, 69% and 81% isolated yields, respectively (Table1, entries 5, 4 and 8). Various other additives, for example, pyridine, ethyldiisopropylamine, KF, CsF and LiCl (Table 1 , entries 18-22) that might promote the model reaction were screened, but results showed that these additives were less active than iodobenzene in promoting the intramolecular cyclisation. The additive loading was also investigated, with the optimal additive loading being found to be 0.5 equiv, with 1.0 or 1.5 equiv not improving the yield significantly, and a lower loading (0.1 equiv relative to thiourea) resulted in the yield reducing to 65%.
Substituted iodobenzenes proved to be less reactive than iodobenzene ( 
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2-8, 9, 10-11). However, electron-donating p-MeO (1l), pMe (1m) substituents on the N-arylthiourea slowed the reaction and decreased the yields (Table 2 , entries 12, 13). Presumably due to steric hindrance from the bulky alkylated amino group, the cyclisation yields of 2a, 2n and 2o decreased in turn, and substrate 1o and 1p, which bear two butyl groups on the nitrogen (Table 2 , entries 15, 16), afforded the products in moderate yields (63% for 1o, 62% for 1p). 
In summary, we have presented an iodobenzene-promoted Pd-catalysed synthesis of benzothiazoles via an intramolecular coupling. A series of 2-aminobenzothiazoles was synthesised by a palladium-catalysed oxidative coupling in good yields (62-89%). Iodobenzene was found to be an effective additive in this intramolecular C-S bond-formation reaction. A directing group (thiourea) attached to the aryl ring is essential for activation of the ortho C-H. This protocol is experimentally simple and shows broad substrate scope, affording the 2-aminobenzothiazoles, and could be attractive in the fields of medicinal chemistry and materials science.
All reactions were carried out in dried glassware with septa. All starting materials were purchased from commercial suppliers. DMSO was dried over molecular sieves. Yields refer to isolated compounds estimated to be >95% pure as determined by 1 H NMR and capillary GC analysis.
Typical Procedure for the Preparation of 2-Aminobenzothiazoles in the Presence of Iodobenzene and Palladium Diacetate
1,1-Dimethyl-3-phenylthiourea (1.0 mml), Pd(OAc) 2 (10% mmol), K 2 CO 3 (1.0 mmol), iodobenzene (0.5 mmol) were placed in a dried tube equipped with a septum and magnetic stirrer bar, and DMSO (2 mL) was then added. The mixture was stirred at 100 °C and the reaction was followed by TLC until the starting material was consumed (ca. 4-6 h). The reaction was cooled to r.t., quenched with sat. NH 4 Cl solution (5 mL) and then extracted with EtOAc (10 mL). The organic extract was dried over anhydrous Na 2 SO 4 , filtered and evaporated under vacuum. The residue was purified by flash column chromatography with a solvent system as described below to afford the desired product. 
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N,N-Dimethylbenzo[d]thiazol-2-amine (Table 2, entry 1, 2a)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:3) to give the target compound 2a (144 mg, 81%) as a dark-yellow solid; mp 82-84 °C. 1 
6-Bromo-N,N-dimethylbenzo[d]thiazol-2-amine (
6-Nitro-N,N-dimethylbenzo[d]thiazol-2-amine (Table 2, entry 3, 2c)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:1) to give the target compound 2c (169 mg, 76%) as a bright-yellow solid; mp 209-211 °C. 
6-Nitrile-N,N-dimethylbenzo[d]thiazol-2-amine (Table 2, entry 4, 2d)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:1) to give the target compound 2d (150 mg, 74%) as a grey solid; mp 162-164 °C. 
6-Chloro-N,N-dimethylbenzo[d]thiazol-2-amine (Table 2, entry 5, 2e)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:3) to give the target compound 2e (175 mg, 83%) as a brown solid; mp 102-104 °C. 
6-Fluoro-N,N-dimethylbenzo[d]thiazol-2-amine (Table 2, entry 6, 2f)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:3) to give the target compound 2f (147 mg, 75%) as a white solid; mp 118-120 °C. 
6-Chloro-N,N-diethylbenzo[d]thiazol-2-amine (Table 2, entry 7, 2g)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:4) to give the target compound 2g (209 mg, 87%) as a pale-yellow syrup. 
6-Bromo-N,N-diethylbenzo[d]thiazol-2-amine (Table 2, entry 8, 2h)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:4) to give the target compound 2h (208 mg, 73%) as a pale-yellow syrup. 
4-Bromo-N,N-diethylbenzo[d]thiazol-2-amine (Table 2, entry 9, 2i)
The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:3) to give the target compound 2i (188 mg, 73%) as a white solid; mp 116-118 °C. The residue was purified by flash chromatography on silica gel (EtOAc/PE = 1:10) to give the target compound 2o (165 mg, 63%) as a colourless viscous oil. 
6-Methoxy-N,N-dibutylbenzo[d]thiazol-2-amine (
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